METADATA AND NUMERICAL DATA CAPTURE:

Liquid-Liquid Equilibria
(2-Component: Mutual Solubility / Cloud Point)

@uided Data
Capture (GDC)

This tutorial describes
METADATA AND NUMERICAL DATA CAPTURE:

for Liquid-Liquid Equilibria (2 components)
MUTUAL SOLUBILITY / CLOUD POINT
with the Guided Data Capture (GDC) software.




NOTE:

The tutorials proceed sequentially to ease the
descriptions. It is not necessary to enter all
compounds before entering all samples, etc.

Compounds, samples, properties, etc., can be
added or modified at any time.

However, the hierarchy must be maintained
(i.e., a property cannot be entered, if there is no
associated sample or compound.)




The experimental data used in this example is from:

J. Chem. Eng. Data 1996, 41, 36]1-364 361

Measurement and Correlation of Mutual Solubilities in 2-Butanol +
Water

Kenji Ochi.* Tohra Saito, and Kazuo Kojima

Department of Industrial Chemistry, Nihon University, 1-8 Kanda Surugadai, Chivoda-ku, Tokyo. Japan

A newly developed laser scattering technique was tested for the determination of mutual solubilities in
the 2-butanol + water system at modlerate pressures. The liquid—liquid solubility data were measured
from the region of solid—liquid equilibria to the upper critical solution temperature. Freezing points in
this system were determined by a cooling curve method. A concave curvature of the lli]LIli|—JJ[|lIJi| line
was observed in the vicinity of the [lLL.-’I.I'lL points. The solubility data were satisfactorily correlated
with Hiranuma's modification of the Wilson equation. The newly measured data compare favorably with
previous measurements.




Mutual solubility / Cloud-Point data
for (water + 2-butanol) at p = 101.3 kPa

[ )

Table 1. Experimental Cloud Point Results for Experlmental Meth()d InfO:
Z-Butanol (1) + Water (2]

— — — | {7} —

1K X 1K X 1K . |

1o thermostat| o a |

276.04 00738 386.23 00965 33704 R
278.13 00725 38658 01050 33300 ol | 1T
27006 00705  38E.65%  0.1151F 33227 ! - .=| [
28404 00B42  3BE58  0.1219 32088 ' i |
28008 00500  386.60 01318 32806 | . |1(3) (%)
20058 00571 38653 01417 31046 ey | i AL
292,18 00553 28600 01524 31524 LB 2 , =
205,15 00522 38564 01509 31535 1 [ | |E——L ]
20843 00401 38546 0.0686 31501 {Ij' e | T ]
0148 00471 38462 01796 31102 e = LY =
305,14 00452 38375 01900 310,90 P —
30018 00421 38259 01985 30804 2y | ol syl (%)
311.88 00406 38124  0.2004 30654 S S L ) I e —
314,10 00393 38057 02181 30367 —
321.88 0.0371 37915 0.2267 an1.ay Figure 1. A schematic diagram of the apparatus for measuring
324.99 0.0361 37667 0.2365 2898.33 the mutual solubility curve: (1) equilibrium cell (pressure glass),
33250 00342 37520 02434 204.00 (2) tem bath () 1i Lo 1 :
34001 00342 37345 02503 292.22 perature bath, (3) light sensor fselenium cell), (4) magnetic
240,70 00361 271.99 02580 980 82 stirrer, (5) adiabatic jacket, (G) He—Ne laser, (T) thermometer, ()
a52.25 00371 36000 0.2668 2B7.42 digital multimeter, (9] personal computer.
36081 00393 3E7.60 02708 2B4.08
36251 00406 36466 0.2701  2B3IE]
36406 00421 36225 02857 2BL.76
7041 00459 38016 0.2914  2B0.00
7680 00530 357.60 02981 27745
a70.76 00573 356.10 03003 27265 . .
28125 00621 35434 03036 27251 This data set is
38323 006D 35102 03104 27052
38430 00751 34824 03150  260.75 .
a85.63 00820 34340 03211 considered here.

A86.04 0.08908 33063 (.3253

7 Male fraction of 2-butanal. * The upper critical solution peint.




wi. Guided Data Capture - Thermophysical and Thermochemical Data
File Edit Tools Help

Reference Cormpound Sample Mi:-:turel Daka Tal:ulesl

El- 1595 ach =ai 0

EI El-l:uutancul
Lo Sample 1 [cm,99.94mE glons;)

Properky

2. CLICK Property

1. SELECT the mixture for
which the data are to be
captured.

NOTE: The bibliographic information, compound identities,
sample descriptions, and mixture were entered previously. (There are
separate tutorials, which describe capture of this information, if needed.)




Froperty:

ik

Commemnt
[optional)

Froperty group:

Critical properties
Y apor preszure; Boling temperature; and Azeotropic T & P
Phaze transition properties
I ‘Cormpozition at phase equilibrium
Activity; Fugacity;and Ozmotic propertiez
Valumetnic properties
Heat capacity and derived properties
Excess; partial; and apparent energetic properties

SELECT the Property Group -

Composition at phase equilibrium from
the menu.

Cancel




i, Property and experimental method for 2-butanol + water ::;i: - 0] x|
Help
Froperty group: IE:::mpcusitin:un at phase equilibrium I
Froperty: -
_ b alality of water "

Un kolaRity of 2-butanal

MualaHity of water

kole fraction of 2-butanol

Male fraction of 2-butanol in LLG critical state

Mole fraction of water in LLG critical stfe
tethlld of milbdel et stk d

] o |

E xperfhental purpoze: I j

SELECT the composition (mole fraction here) of one
component (2-butanol here) to serve as the Property.

(The component selection is arbitrary, but is chosen for
convenience to match the published data table.)

Commemnt
[optional)

Cancel




i, Property and experimental method fFor 2-butanol + water - |I:I|E|

Help

ropety 1. SELECT Method of Measurement from the list.
Feretyt NNOTIE=2 Other is a valid selection and should include a brief
uni: | description in the Comment field, as shown below.

_

Method of measurement: | 7y, expermental method [please, descrbe in "Comrments"') j

Experimental puipoze: Principal objective of the work, -

/

2. SELECT the Experimental Purpose
from the list provided.

[I:Drpmer?]t |Laser light zcattenng method. [Ochi et al., Can. J. Chem. Eng., 1993, 71, 982-985)
optiona
p

3. CLICK OK Ok | Cancel




SELECTION of # of Phases in Equilibrium and # of Constraints

im. Mole fraction of 2-butanol () {Dimensionless) as function of 1 variable(s)

PIRELIE | 2 by kil + water

Phazes in equilibrivim: IE vl

cendent vanables: |1 Property zet # |1

FPhaze af the erty W alue(z) I
Enter the # of Constraints.
Enter the # of Phases in There is 1 constraint in the
equilibrium. present example; pressure =
101 kPa.

There are 2 phases (liquids)
in equilibrium in the case of
Mutual Solubility.

Drefirution of Meazurement Besults [&bzalute vz Relative]

| [




&, Mole fraction of Z2-butanol () {Dimensionless) as function of 1 ¥ariable(s)

Misture: | 2.y kanal + water

Phagez in equilibrium: |2 vl Congtraints: = Independent vanables: |-|

TOREr Y alue(s)

Phaze aof the Property W alue(s) I

' Dimenzionless

Multiple Samples for a given component can
be accommodated, but this is rarely needed.

— Definition of Measurement Results [Absolute vz Relative]

| =

— Data presentation

IEHperimental values vI

Lomments [Uptionall: || aser light scattering method. (Ochi et al.. Can. J. Chem. Eng., 1993, 71, 932-395)

Froperty and method Murnernical D ata I Cancel




ii. Mole fraction of 2-butanol {Liquid mixture 1} as function of 1 variable(s)

b iture: IE-I:uutann:uI + water

FPhazes in equilibrium: IE TI Conztraints: |-| 7I Independent wariables: |-| Property zet # |-| Sample ﬂl-l 'I

Phase of the Property Y alue(s) ILiquil:I mistre 1

— Conztraint 1 [Fised walue of)

= 1) SELECT Liquid Mixture 1 from
e vl 1 the list provided for the Phase of
the Property Value

| 4

IM 2. SELECT Liquid Mixture 2

for Phase 2 —




Specification of constraints, constraint values, and constraint units

. Mole fraction of Z2-butanol {Liguid mixture 1) as function of 1 variable{s) - |EI|5|

Misture: |5 by tanal + water j

Phazes in equilibriurm: |2 vI Constraints: |1 vI Independent variables: |-| Froperty zet # |-| Sample#h vI Sample ﬂ|1 vI

Frecizion of the Property ' alue(z]
Phaze of the Property Walue(s] |Liquid riisture 1 j ’7 | {* Dimenzionless oz

Phaze 2
ILiquid mixture 2

Conztraint 1 [Fixed value of)

IF'ressure —— | alue: |1EI1.3 Units:lkpa j Uniertainty: I =

Independent variable 1

ITemperature j Uncertainky: || =

— Definition of Measurement Results [Abs vz Felative]

| 2. TYPE the constraint Value
1. SELECT the | and SELECT Units for the
Constraint (p here) and Variable and Constraint. Include

the Independent " Uncertainties, if known.
Variable (7 here) from the [ Wmss e |

i

lists provided.




Measurement definition and Data presentation

. Mole fraction of 2-butanol {Liquid mixture 1) as function of 1 variable ° =101
g — 1. SELECT Direct Value (as R

Phazesz in equilibrium: Iﬂ Conztraints: m Independent «arial compared With Relative Value)

Phase of the Property Yaluels) ILiquid rristure 1 from the list deﬁning the brless oz
—Phaze 2
T Measurement Results
— Congztraint 1 [Fixed walue of]
IF'ressure j C'fILiquiu:I mixture 1 j Walue: [101.3 I-InitS:IkF'a j Uneertainty: I— =
— Independent vanable 1
ITemperature j of I Liquid mixture 1 j Linits: I K. j Uncertainty: I =

2. SELECT the appropriate
Data presentation
method. Experimental
values here.

Drefinition of Meazurement R ezultz [bdbeolute vs Relative)

[rata presentation

IEHperimentaI values

Comments (Optionall |Laser light scattering methad. [Ocki et al, Can. J. Chem. Eng., 1993, 71, 382-985)

Froperty and methad | ) ‘ Mumerical [ata I Cancel |

3. CLICK Numerical Data




i, Mole fraction of Z-butanol {Dimensionless) as function of 1 variable{s) - IEllil
File Edit Action Help

Yar 1 Property
1 27E.94 0.0733 J8E.23 0.0955 33704
2 2¥813 0.0725 38E.58 0.1050 333.00
3 27996 00705 386 EAR 11151 33227
J 264.34 0.0542 36,58 0.1213 32458 Table 1. Experimental Cloud Point Results for
5 289.08 0.0590 3BE.ED 01318 328.08 Z-Butanol (1) + Water (2)
5 290.58 0.0571 386.53 01417 39.45 TIK - TIK o T
7 289218 0.0553 386.09 01524 3524 27R04 00738 38623 0 0065 237 04
g 289515 0.0522 38564 0.1599 A5.35 g;gglg g-g; Sg ggg-ggh S'i?ﬁ?h ﬁ-gg
3 23843 0.0431 485,46 01656 41507 28404 00642 3BES5R 01210 32088
10 301.48 0.0471 a84.62 0.1796 31.92 ggg.gg g.gg?? igg.gg g.ﬁi? i.:fg_ig
11 305.14 0.0452 383,75 0.1300 310.30 202.18 00553 38600  0.1524 21524
12 309.18 0.0421 38259 0.19585 308.94 295,15 00522 3B5.64 0.1598 315.25
. 208437 00401 23BG54G 01686 31501
13 311.88 0.0406 381.24 0.2034 308 a0l48 00471 3®AG2 01795 31102
14 31410 0.0393 3B80.57 0.21&1 ' 00452 38375 0.1900 310,00
00421 38250 01085 30R.04
15 321.88 0.0371 37915 0.2267 301, ; 00406  38] 24 02004 20654
16 32499 0.0361 IVB.EY 0.2365 298.33 . 00393 38057 02181 A03.67
17 33250 0.0342 375.20 0.2434 234.99 ggggi g;gég gggg; gg;g;
18 340.01 0.0342 7345 0.2503 292 22 23250 00342 37520 02434 29409
15 349.30 0.0361 371.99 0.2580 289.92 ijg-g é g-gggf iﬁ‘sg g-gggg ggﬁgg
20 35225 0.0371 289.09 0.2668 28742 25225 00371 3609008 0. 2668 28747
21 360,91 0.0393 367.60 0.2703 28498 igggi g-gigg igzgg g-g;g? ggﬁg?
22 36251 0.0406 364 66 0.2791 283.81 36408 00421 36235 02857  2RL7E
23 364 96 .04 36225 0.2857 281.76 i;g-‘é; g-gggg iﬁég g'igé‘f g??gg
24 37041 0.0459 3B01E 0.2914 280,00 37976 00572 35610 02003 372 G5
25 37B.89 0.0530 35760 0.2981 27745 38125 00OG21 35434 0.3035 27251
38323 (0G0 35102 03104 27052
| e . 38430 00751 24824 03150 26075

385.63 00820 34340 03211
386.04 00908 33063 0.3253

— TYPE, or much preferably
PASTE the variable and
property values into the table.

# Mole fraction of 2-butanal. * The upper critical solution point.




. Mole fraction of 2-butanol {Dimensionless) as function of 1 variable(s)

iw. Mole fraction of Z-butanol {Dimensionless) as function of 1 ¥ariable{s)

File Edit Action Help Eile Edit Action Help
| Property | Property | | |
1 0.0738 28623 0.0365 33704 1 0.0738
2 0.0725 386,58 01050 333.00 2 0.0725
3 0.0705 38665 01151 3327 3 0.0705
4 0.0642 28658 01213 32988 4 00642
5 0.0530 38660 0118 328.06 5 1.0530
B 0.0571 38653 0147 19,45 B 0.0571
7 0.0553 386.09 01524 5,24 7 0.0553
] 00522 395 64 01533 15,35 ] 00522
] 0.0431 285 45 01686 150 | 0.0431
10 0.0471 84 62 01736 a11.52 1 0.0471
11 0.0452 8375 01900 410,90 1 0.0452
12 0.0421 392,59 0.1335 303,54 ) 00421
13 0.0406 391,24 02034 30654 ) 0.0406
14 0.0333 28057 02181 A03E7 ) 00393
15 0.0371 37915 0.2267 30,37 0.0371
16 0.0361 37667 0.2365 293,33 . 0.0361
17 0.0342 37520 02434 234 53 ) 00342
18 0.0342 a7345 02603 292 22 ) 00342
159 00361 37.53 0.2520 28982 ) 00361
20 0.0371 369.09 02668 287 42 0037
21 0.0393 367.60 0.2708 284.98 . 0.0393
22 0.0405 364,56 0.2791 282.81 . 0.0405
23 0.0421 W22 02857 28176 . 0.0471
24 0.0459 60,16 0.2914 280.00 . 0.0459
25 0.0530 35760 0.2951 277.45 . 0.0530

Clear the T able | Wiew plot Clear the T able | Wiew plot |

NOTE: Simple CUT/PASTE procedures can be used within the table to

convert the original table into the required number of columns.
(This can also be done externally in spreadsheet software, e.g., EXCEL.)




. Mole fraction of 2-butanol {Dimensionless) as function of 1 variable{s)

=0l x|

=10l x|

File Edit Action Help
Yar 1 |F'ro|:-ert_l,l | |
1 276.94 0.0738 1 C °
2 27813 0.0725 I I‘ K [/ ]47pl t t
3 2799 00705 ® e o 0 S€€
4 284.94 0.0542
5 28908 0.0590 l t d h k f
- il a piot ana chnec or
7 29218 0.0553 .
g 295,15 0.0522
9 typographical errors.
10 3 .48 0.0471
11 30514 0.0452
12 30918 0.0421
13 31.89 0.0405
14 410 0.0393
15 3188 0.0371
15 32499 0.0351
17 33250 00342
18 34001 0.0342
13 4330 0.0351
20 3228 0.0371
21 /051 0.0393
22 36251 0.0405
23 36495 0.0421 . Mole fraction of 2-butanol as function of Temperature
24 7041 0.0459
25 768 0.0530
Clear the Table
- . []
] '..
| . .,
- . . ..
A8
s 2. CLICK OK
1L ° 9
- when d
cn aone
(I -y
L]
0A_ LL ™ .,
[ ] . e .
03 I | .
270 290 30




. Mole fraction of 2-butanol as function of Temperature

=10l x|

.09

.07 -4

.05 "

i | I
270 290 310

NOTE: The software
automatically connects the
data points with lines.

=10l x|

el

.29

er P
25

If these are not helpful (as
here), they can be cleared
in the Tools menu.

.23
.21
19
A7
15
13

A1
.03
07
05
03|

iiiiMn‘ + fraction of 2-butanol as function of Temperature
g elp
' ey .
.




isi. Mole fraction of 2-butanol {Dimensionless) as function of 1 variable(s)

File Edit Action Help
Yar 1 | Property | |
1 27694 0.0738
2 27813 0.0725
3 27396 0.0705
4 £84.94 0.0642
5 283.08 0.0530
B 290,58 0.051
7 29218 0.0553
8 29515 0.0522
3 293,43 0.0431
10 a01.48 0.041
11 0514 0.0452
12 30318 0.04:1
13 211.88 0.0408
14 21410 0.0333
15 321.88 0.031
16 224.93 0.0361
17 332,50 0.0342
18 240.0 0.0342
19 243.30 0.0351
20 35225 0.031
21 36081 0.0333
22 62,51 0.0406
23 aE4.96 0.041
24 37041 0.0453
25 37683 0.0530

Clear the Table |

CLICK Accept,
when done.

Wiew plat

Cancel




. Guided Data Capture - Thermophysical and Thermochemical Data
File Edit Tools Help

Reference Cu:umpcuunu:ll Samnlel Mi:-:l:urel Reactinnl I
= 1996 och sai 0 NOTE: The new data set now [~
=) 2-butanal appears in the tree under the
e Sample 1 [om, 99,9360 glcns;] appropriate mixture.

- S .

S e, 91 (L1, Set 1), B Method: DOTHER

NOTE: DOUBLE CLICKING on the data set
allows editing of all entered information.




END

Continue with other compounds,
samples, properties, reactions, etc...

or save your file and exit the program.




